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ABSTRACT

The article provides readers with a detailed overview of the AutoMedPrint technology, its advantages and op-
portunities, based on a number of studies and case examples. The AutoMedPrint system represents a significant
advancement in the field of orthopedics, offering a comprehensive solution for the automated design and rapid
production of personalized orthopedic and prosthetic devices through 3D printing technology. This paper details
the system’s capabilities and methodologies behind it, which include the design and manufacturing of various
devices such as wrist hand orthoses (WHO) and ankle foot orthoses (AFO), among others. These devices are
crafted using data obtained from precise anthropometric measurements, allowing for high customization to meet
individual patient needs. The AutoMedPrint system enhances the quality of life for patients by providing devices
that are not only functional and cost-effective but also rapidly produced, ensuring timely intervention. Case studies
demonstrate the system’s effectiveness in practical scenarios, highlighting its potential to revolutionize orthopedic
care by integrating new materials and technologies that adapt to changing medical and patient requirements. The
discussion extends to the lifecycle of the produced devices, emphasizing sustainability and continuous improve-
ment, ensuring the system’s relevance and efficacy in modern medical practice.
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INTRODUCTION prostheses [6]. Its importance lies in the advantages

provided by this technology in comparison with tra-
3D printing, or additive manufacturing, has sig- ditional production methods:

niﬁcantly evolved since its inception in the early ° persona]ization of an individual approach [7],

1980s. Initially used for industrial applications, its fast production and availability,

potential in the medical field was quickly recognized ease and accuracy of modeling,

[1]. By the early 2000s, medical applications ranged ease of making changes,

from the production of customized prosthetics to bio- case of integration of new technologies and

printing of tissues and organs [2]. Technologies like materials,

stereolithography (SLA), fused deposition model- o mass availability and accessibility.

ing (FDM), and selective laser sintering (SLS) have

been adapted to create devices tailored to individual

The emergence of 3D printing technology

patient anatomy, significantly enhancing the per-
sonalization of care [3]. 3D printing, or additive
manufacturing, has become an important innova-
tive technological solution in the modern world
[4, 5], especially for the manufacture of orthoses and

in the medical field represents a transformative
development in the production of medical de-
vices, prosthetics, and orthotics. A prominent
example of this innovation is the AutoMedPrint
system, specializing in the automated design and
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rapid production of personalized orthopedic and
prosthetic devices [8]. The AutoMedPrint sys-
tem integrates advanced 3D scanning and design
technology to produce orthopedic devices such
as wrist [9] and ankle foot orthoses [10]. Unlike
traditional manufacturing methods, which often
involve lengthy and labor-intensive processes,
AutoMedPrint uses data from non-contact an-
thropometric measurements to quickly gener-
ate designs that are then manufactured using 3D
printing. This approach not only reduces produc-
tion time but also improves the customization and
fit of the devices [10].

Comparatively, systems like AutoMedPrint
offer significant advantages over conventional
methods by enabling rapid prototyping, iterative
testing, and the incorporation of patient-specific
geometries. The use of durable, lightweight mate-
rials further enhances patient comfort and device
functionality [11].

In contrast to broader applications such as
bioprinting, where the focus is on replicating
biological tissues, AutoMedPrint emphasizes the
mechanical production of non-biological compo-
nents. For instance, while researchers like Kang
[12] explore 3D-printed scaffolds for bone regen-
eration, AutoMedPrint targets the external sup-
port systems necessary for patient mobility and
rehabilitation. However, both approaches under-
score the overarching benefits of 3D printing in
medicine: customization, speed, and the potential
reduction in healthcare costs.

The clinical outcomes associated with the use
of 3D-printed orthopedic devices have been posi-
tive, with numerous studies highlighting improved
patient satisfaction due to the bespoke nature of
the devices. A study by M. Ho [13] demonstrated
that 3D-printed orthotics could achieve superior
comfort and functionality compared to tradition-
ally manufactured devices. AutoMedPrint’s abil-
ity to rapidly iterate designs based on patient feed-
back further enhances this, aligning with trends
toward patient-centered care in medicine.

Despite its advantages, the integration of 3D
printing technologies into clinical practice faces
several challenges. Regulatory hurdles are sig-
nificant, as each new device must meet stringent
standards set by bodies such as the FDA in the
United States or the EMA in Europe. Further-
more, the lack of standardized protocols for de-
sign and production can impede broader adoption
and consistency in clinical outcomes [14].
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This article is devoted to a detailed descrip-
tion of activities aimed at continuing the develop-
ment of cooperation based on the advancement of
the capabilities of the AutoMedPrint system. The
paper shows the main concepts behind the system
and possible to obtain products, highlights basic
stages and specificities of lifecycle of these prod-
ucts and presents some case studies — products
made and tested for selected patients.

AUTOMEDPRINT SYSTEM - STRUCTURE
AND OPERATION

AutoMedPrint system - main concept

The AutoMed Print system was created as
a result of a project entitled «Automation of
design and rapid production of individualized
orthopedic and prosthetic devices based on data
from anthropometric measurements». The system
allows a comprehensive design and manufacturing
process for specific orthopedic products falling
under the category of limb orthoses, encompassing
two types, namely WHO orthosis and AFO, as
well as upper limb prostheses, including both
cosmetic and mechanical prostheses, with several
subtypes. The automated procedure involves the
creation and preparation of production plans,
utilizing additive manufacturing techniques,
particularly 3D printing, which is guided by 3D
scanning of the patient’s limb [15]. Throughout
the design phase, the patient assumes a pivotal
role, being actively engaged in making decisions
pertaining to the aesthetic aspects of the product,
such as material selection, color preferences, and
finishing details. The process is time-efficient,
requiring several to several dozen minutes for
completion, excluding the production time,
which may extend to several hours per single
part. Importantly, the involvement of a qualified
engineer is not necessary in a typical, repetitive
scenario, underscoring the system’s user-friendly
and accessible nature.

The AutoMedPrint system encompasses a
total of four interconnected modules, as illustrated
in Figure 1. These modules are not designed to
function in isolation but rather operate within
a unified IT infrastructure, facilitating data
exchange between them. On a hardware level,
the system necessitates three computer stations
to facilitate its functionalities: 3D scanning and
design station - contains an operator panel and a
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Figure 1. Component modules of the AutoMedPrint system: (1) 3D scanning and design station;
(2) user interface station and (3) rapid production station

3D scanner, enabling the data collection process
and providing the operator with control over
other system components. The user (or patient)
does not have access to this station and cannot see
messages and the operator panel.

User interface station — distinct from the 3D
scanning and design station, this separate computer
station is integrated with the operator panel through
anetwork interface. It comprises a touch screen and
a motion tracking system, along with specialized
programs to support the scanning process and
facilitate product configuration. It is a stand that
is controlled by the user (or patient), although he
is not required to do so, and all necessary actions
can be minimized or performed by the operator.
User can configure their own product here, in
some cases using immersive Virtual Reality, as
shown in previous papers [16]. Rapid Production
station. This segment of the system comprises two
stations, each equipped with a control computer
and additive manufacturing machines, alongside
essential accessories to facilitate the rapid

production process. The key, unique highlight of
the system is its potential for automation, as it is
entirely within the realm of practicality to obtain
a product ready for manufacturing several minutes
after first contact of a patient with the system, what
has been proven in previous case studies. As an ap-
preciation of these capabilities, the AutoMedPrint
system received several awards. Among them, the
award in the Polish competition «Product of the
Futurey, as well as the first place in the Polish na-
tional competition “Eureka”, which was won by
the team’s invention - a children’s prosthetic arm
for riding a bicycle.

Orthopedic and prosthetic devices

The AutoMedPrint system allows to carry out
a complete design and manufacturing process of
selected orthopedic products belonging to the cat-
egory of upper and lower limb orthoses and upper
limb prostheses. The system concept includes the
following products:
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e wrist orthosis (here and after WHO) for the
treatment of injuries and therapeutic purposes.

e ankle foot orthosis (here and after AFO) for
universal use.

e modular hand prosthesis, for plenty of various
uses (bicycle ride, cosmetic, all-purpose),

e mechanical hand prosthesis, based on open
source concepts of RoboHand [17] and Un-
Limbited Arm [18].

The diagram of the classification of products is
shown in Figure 2. The portfolio of various prod-
ucts available in the system is a result of continu-
ous, extended work with the patients and doctors.
Certain products, such as the universal modular
prostheses, are a result of gradual evolution from a
single-use type of product into a more flexible one,
to meet needs of individual patient, with whom
the team is cooperating since the very beginning
of development of the system. However, the main
idea behind the products in the system is their
structural simplicity and ease of production and
maintenance, which translates to low price, high
scalability and availability, proving very useful to
the patients. Examples of use cases and work with
the system are described in numerous previous
papers, pertaining to hand orthoses [9, 19], foot
orthoses [10] and hand prosthetics [20, 21].

General principles of work with the
AutoMedPrint system

The AutoMedPrint system consists of
modules, which in the hardware are represented by
autonomous yet interconnected workstations: the
3D scanning and design station; the user interface

station; and the rapid manufacturing station.
The limb 3D scanning station is automatic and
comprises a circular track, a cart with a computer
and a 3D scanner, as well as mechanical setups
for scanning upper and lower limbs. Access to
the station’s system and data management is
restricted to the operator only.

The user interface station includes a computer
with the necessary software (e.g., Slic3r, MeshLab).
The patient may access the station’s controls,
guided by the provided VR technology prompts to
assist during scanning, but this is not necessary as
all stages are performed by the operator.

The rapid manufacturing module includes a
computer, an additive manufacturing device (e.g.,
FlashForge CreatorPro), cameras for monitoring,
and tools for manual finishing of parts. Data is
transmitted remotely to create NC code, which
is then uploaded to the device via an SD card.
The operator manually starts the manufacturing
process and performs the finishing of the products.

The work with the system usually is realized
in the following procedure:

1. Gathering basic information about the patient
and needed product (on the basis of medical di-
agnosis, performed prior to the use of the sys-
tem) — Figure 3a.

2. Acquiring anthropometric measurements by
3d scanning — using automated limb scanning
station (default approach, software shown in
Figure 3b) or manual scanning (when patient’s
ability to keep their limbs still is low and/or
anatomy is not typical).

3. Automated processing of obtained 3d scans:
cleaning, transforming coordinate systems,

Orthopaedic and Prosthetic Medical Devices
e
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Figure 2. Classification of medical devices available in the AutoMedPrint system
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repairing and polishing surfaces, extracting geo-
metrical data (point coordinates, sections, distanc-
es) for automated design (as shown in Figure 3c).

. Configuring the product by the patient (op-
tional stage), selecting materials, colors and
features, for some products — mixed or virtual
reality is available [16].

. Creating a design table, aggregating measure-
ments and configuration data (Figure 3d).

. Automated generation of 3D model (Autodesk
Inventor) using the design table, exporting STL
files for 3D printing.

. Rapid manufacturing by 3D printing tech-
niques, post processing, assembly and testing
by the user.

SELECTED CASE STUDIES OF THE
AUTOMEDPRINT SYSTEM

Studies of AutoMedPrint system

Tovalidatethe work, representatives fromtarget
groups, including patients, doctors, hospitals, and
orthopedic equipment companies, were involved.
The goal was to create individualized prostheses
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and orthoses for a wide range of patients and test
their effectiveness and reception.

The experiments with the patients were re-
alized using a consistent, similar scenario, with
various approaches for different products. It
began with consultations where patients provided
medical history, underwent physiotherapist
examinations, and were interviewed to decide on
product features. Both limbs were scanned using
mechanized and manual methods. The scans were
processed to create 3D models, using AutoMed-
Print system’s capabilities (own software algo-
rithms [8, 15]). Various machines and materials
were used to produce the prostheses and orthoses,
using parameters of production resulting from
earlier studies [9]. The products were finished,
assembled with standard components, and made
skin-friendly by proper lining [21].

Each product was fitted with patients,
typically requiring one iteration to meet fit
requirements and a second for minor adjustments.
At the moment of publication of this paper,
the AutoMedPrint system allowed to prepare
orthopaedic or prosthetic devices for more than
60 patients, in many cases offering a single patient
more than 4 devices. The system was evaluated
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Figure 3. The scheme of data processing: (a) AutoMedPrint Operator Panel Software; (b) control the movement
of the scanner software; (c) scan processing software (MeshLab); (d) an automated Excel spreadsheet
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and updated with insights from testing, making it
adaptable for other customized medical devices.
Hand orthoses prodused for more than 30
patients in the age 3—69 years (more of them 20-30
years). AFO orthoses manufactured for 5 patients
in the age 4-26 years. Hand prostheses used by 20
patients (the age 1.5-40 years). Modular prostheses
were manufactured for patients in the age 1.5-70
years, with very different amputation levels and
needs. The next sections of the paper present de-
tails of selected products — orthoses for upper and
lower limb — and their use for specific patients.

Wrist hand orthoses

The wrist hand orthosis (WHOs) are used to
stiffen the limb in order to support the treatment of
injuries to which this limb has been subjected. The
term «injury» should be understood very broadly,
similarly to «healing support» - many of the
patients needed orthoses long after the injury had
healed, in order to minimize the effects associated
with, for example, muscle and joint pain.

WHO trauma orthosis consists of two shape-
fitted halves and is openwork, allowing air
supply and free access to the skin of the hand. An
additional possibility of stabilizing the elbow joint
has been introduced, for the needs of fractures of
the forearm bones (the full product is shown in
Figure 4). Elbow stabilization consists of two
additional halves, also openwork, connected to
the base WHO orthosis with the use of a threaded
connection, which can be removed after the base
fusion of the bones. Trauma orthoses, in the case
of a recent injury, are designed on the mirror

principle - the unaffected hand is scanned, and
the visual assessment of post-traumatic swelling
allows the appropriate offset to be applied so that
the orthosis is not too tight. In the case of injuries
that are already partially healed or do not involve
much pain when moving the hand, the correct limb
is scanned. The decision in this matter belongs to
the orthopedic doctor or physiotherapist.

The orthosis is customized on the basis of a
non-contact measurement of geometry of patient’s
hand and forearm (or mirror image of the other
limb, when the actual limb is damaged and e.g.
wrapped in plaster cast). The measurement is done
by optical 3D scanning, usually at the workplace
developed as a part of the AutoMedPrint system,
developed at Poznan University of Technology.
After measurement, data is processed from
raw scans to reconstructed, smooth limb model
(Figure 5). Out of this model, sets of points are
extracted to feed the intelligent CAD model.

The product was originally designed in the
Autodesk Inventor CAD system (Figure 6), as
an intelligent model — its design can be changed
freely by supplying it with various data from 3D
scanning, leading to automated re-design.

The orthosis consists of basic parts (as visible
in the Figure 6):

e Dbottom part (in contact with palm),

e top part (in contact with back of the hand),

e optionally — the bottom and top part could be
transversally divided if orthosis.

The second type of WHO orthosis produced
in the AutoMedPrint system are corrective and
corrective-support orthoses —aimed at correcting

Figure 4. WHO orthosis to support the treatment of injuries: a) full version with support of wrist and elbow
joint; b) example of use with the patient (photo courtesy of patient’s parents, available at social media of Poznan
University of Technology)

150



Advances in Science and Technology Research Journal 2024, 18(6), 145—-158

1. Raw scans

3. Cutting, final cleaning

4. Reconstruction

2. Transformation, initial cleaning

5. Data extraction

Figure 5. Data processing of 3D scans for the wrist hand orthosis model (AutoMedPrint system materials)

bottom part J

openwork ]

basic assembly
features

Figure 6. Wrist hand orthosis — intelligent model created in Autodesk Inventor,
as part of the AutoMedPrint system

hand posture defects and/or supporting reha-
bilitation exercises performed by the hand with
impaired mobility. Orthoses of this type are in-
tended mainly for pediatric patients with dis-
eases such as childhood cerebral palsy, spinal
muscular atrophy or cerebral palsy, or also for
the correction of defects or congenital deformi-
ties. Compared to the basic version of the WHO
orthosis, the main difference is the cutouts in the
area of mobility of the thumb and fingers, en-
abling gripping of objects, as well as lining the
entire interior of the orthosis with a soft mate-
rial (foam) to increase the comfort of use (the
orthosis corrects the position of the hand, so it
could lead to abrasions and corns). Corrective
orthoses also differ in the way they are designed
— both limbs of the patient are scanned, and the
algorithm (currently only partially automatic,

requires manual work with the 3D scans) com-
bines both scans into one image of the corrected
limb. A case study of this type of orthosis is pre-
sented in previous papers [19]. Examples of cor-
rective orthoses are shown in Figure 7.

Ankle foot orthosis

The ankle orthosis (AFO) is the only prod-
uct implemented in the AutoMedPrint project
that concerns the lower limb, not the upper one.
Due to the complexity of gait biomechanics and
anatomy of the foot, ankle and calf, as well as the
specificity of applications, it is by far the most
difficult product in terms of applying automated
design and manufacturing by low-cost 3D print-
ing, by author’s experience proven in numerous
case studies. As part of the tests carried out with
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Figure 7. Patients with corrective hand orthosis (photographs by the researchers,
with consent of patients’ parents)

patients, two basic types of ankle orthoses were
proposed in the course of development of the sys-
tem. The first are monolithic orthoses with a rigid
ankle, presented in Figure 8. In these orthoses, the
protection of the upper part of the foot and the
front part of the calf can be implemented in var-
ious ways (tapes, foam — elements added at the
post-processing stage), the basic principle is to
make the entire orthosis in the form of one block

(possibly divided into 2 blocks for larger orthoses

and glued later). Orthoses of this type can have

several different uses:

e correction of defects resulting from various
diseases (e. g. childhood cerebral palsy, spinal
muscular atrophy) - active use, while walking,

e correction of deeper defects or in the case of
more serious diseases - passive use, during
sleep or rest or for verticalization,

e stiffening of the joint after injury or as a result
of'acquired joint instability or chronic diseases.

The second type of orthoses are semi-flexible,
intended for use while walking as an active walk-
ing aid. They consist of two separate blocks - one
for the calf, the other for the foot - connected by a
beam made of a strong, flexible material (nylon or
composite with carbon fibers). They are intended
for patients who cannot move independently oth-
er than with the use of orthoses. Of course, in the
case of posture defects, the task of orthoses is also
their correction.

Additively manufactured orthoses are also
waterproof, if made from an appropriate material
(PET-G or PA12) so they can be used, for exam-
ple, for swimming. Examples of orthoses used by
patients are shown in Figure 9.

Figure 8. AFO orthoses for various patients: (a) cerebral palsy, 4-year old, rigid; (b) spina bifida, 13-year old,
rigid; (c) spina bifida, elastic; (d) foot bone injury, 12-year old, rigid, shortened
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Universal modular prostheses

The universal modular prosthesis evolved
from a simple, single-purpose mechanical prosthe-
sis into an advanced, modular, fully personalized
device. It is a mechanical device, anatomically
adjusted to a given patient, based on dimensions
taken from a 3D scan of both limbs of the patient
(healthy one and a stump, assuming one-sided am-
putation or defect). The prosthesis can be used by
patients of both transhumeral and transradial am-
putations (below and above the elbow), and has
been tested in many of various cases, as presented
in previous publications [20-22]. The prosthesis
consists of basic parts (as visible in the Figure 10):
e socket (stump part),
elbow coupling,
forearm part,
wrist coupling,
end effector.

The modules of the prosthesis are, in most
cases, interchangeable. It means that all the basic
parts (socket, end effector, forearm) can be easily
replaced with a part of a different variant, tailored
to the same patient (e.g. open end effector can be
switched to a closed one, open socket can be re-
placed with a compressive one etc., as visible in
Figure 10). Wrist coupling can also be altered or
removed easily. For specific patients or needs, cer-
tain degrees of freedom can be also removed, for
greater rigidity, at the cost of flexibility. The pros-
thesis is printable of any filament material — PLA

and PET-G are recommended, as they have been
tested for proper behavior in contact with user’s
skin, as well as having suitable strength [9, 21].
PLA is suitable for children version, while more
durable materials, such as PET-G, are recommend-
ed for adult users [22]. Total 3D printing time of
the whole prosthesis in children version can take
several hours, depending on the material and the
printed, as well as a number of printers (simulta-
neous production is faster, as the prosthesis has
many parts). Standard nuts and bolts are used for
assembly, as well as Velcro straps and EVA foam
for lining of parts in contact with patient’s stump
(usually selected areas of socket and forearm part).
As the prosthesis is often used for sports activities,
risk analysis was realized — its results are shown in
one of previous publications [21].

The complete model of a customizable pros-
thesis was made in Autodesk Inventor software.
The parameters (dimensions) are entered through
an Excel spreadsheet. The prosthesis preparation
is based on anatomical data. The prosthesis can be
made on the basis of healthy limb — unless there
is significant disproportion in the size of the am-
putated limb remains. Workflow with the model is
the same as in the case of wrist hand orthosis (see
Figure 3 and 5 for reference). After automated
generation, improving the model, both function-
ally and visually, can be realized as an optional
operation, if special needs arise. After introducing
a set of parameters, the model redesigns itself, re-
sults of which are presented in Figure 11.

Figure 9. Patient used AFO orthoses: (a) bone injury, lightweight swimming orthosis; (b) ankle joint instability,
stiffening orthosis; (c) spina bifida, swimming orthoses (photos courtesy of patients’ parents, available at social
media of Poznan University of Technology)
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end effector

elbow coupling

Figure 10. Universal hand prosthesis — modules and some of their variants

After updating, check for errors and possible
improvements, the model must be saved to external
file for further use, usually all the parts are exported,
either as a single OBJ file (in the case of using a 3D
printer slicer software that has capabilities of sepa-
rating the meshes from a single file) or separately as
STL files. Printed prosthesis is tried on by the pa-
tient and some modifications can be made before a
final version is created and put to practical use. There
are also frequent examples, of authors’ experience,
of gradual change of requirements by long-term pa-
tients, usually resulting in strong customization and

high specialization of use of the prosthesis (as dem-
onstrated in previous case studies [23]).

Examples of various prostheses used by chil-
dren are shown in Figure 12, while use by adult
patients is shown in Figure 13.

LIFECYCLE OF PRODUCED ORTHOPEDIC
DEVICES

The importance of the life cycle of medical
devices is to ensure the quality, safety, efficiency

Figure 11. Automated re-creation of prosthesis model, (a) different configurations, the same patient; (b) various
patients, the same configuration
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Figure 12. The universal prosthesis used by children (different variants), aged 2—10 (photos courtesy of patients’
parents, partially available at social media of Poznan University of Technology)

= S =

Figure 13. The universal prosthesis used by adults and a teenage patient, different variants (photographs by the
researchers, with consent of patients)

and sustainability of the devices throughout their
existence — from the initial concept to removal
from use. Considering all aspects of the life cycle,
manufacturers and suppliers of medical devices can
ensure the high quality, efficacy and safety of their
products, which contributes to improving the health
and quality of life of patients. Life cycle assessment

of medical devices can help ensuring [24]:

e patient safety,

e quality and reliability,

e regulation and compliance with standards,

e innovation and improvement (allowing to
make medical devices more effective, conve-
nient for patients, and also help to reduce the
cost and ensure availability to more people),

e service support,

e environmental responsibility (green technolo-
gies and ecological approaches help reduce
the negative impact of medical products on the
environment).

It is noteworthy that the lifecycle of products
that come to life through use of AutoMedPrint

system is a unique one, so considerations found
in available literature can be used only scarcely
and very selectively (just some of available life-
cycles are barely similar [24, 25]) when creating
and evaluating it. That is why, analysing all the
aspects in the process and considering the meth-
odologies and examples of work, a new lifecycle
was conceived, taking into account the most criti-
cal points of the manufactured devices, that is:

e three-way nature of communication of process
participants — patients, doctors and manufac-
turers of devices,

e automated design, without participation of en-
gineer in day-to-day work with the patients,

e additive manufacturing of modular, ever-
changing devices by 3D printing, with flexible
capabilities of 3D printing machines and lack
of standardized sizes, volumes and shapes,
possible to realize outside factories (possibly
in hospitals, schools etc.)

e frequent cases of multiple iterations of one
product — try-ons resulting in improvement of
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Figure 14. Lifecycle of anatomically individualized medical devices in the AutoMedPrint system

geometry, not treated as a faulty product, but
as an imminent part of the process.

A short, entry proposal of the product life-
cycle in the AutoMedPrint system is shown in
Figure 14. It underscores various participants in
the process at various stages, takes into account
the automated nature of the process (lack of engi-
neers at the most part of the lifecycle) and shows
various ways of information flow. The proposal
also takes into account various regulations related
to medical devices, such as Medical Device Reg-
ulations [25] and various ISO standards focused
on quality management of medical devices [26].

The lifecycle is currently at the phase of assess-
ment and further development. One of the stages
of its development were various studies, focused
on strength, accuracy and surface quality of hand
orthoses [9], elements of prosthetic devices and
leg orthoses [10], as well as the previously men-
tioned risk assessment [21]. Once completed and
assessed, it will help with implementing AutoM-
edPrint and other similar solutions in commercial,
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medical practice, especially concerning meeting
of formal requirements towards safety for the pa-
tients and quality standards. Quality management
system (QMS) for these devices is currently also
under development — various requirements of the
ISO standard are placed against the current, pro-
totype state of AutoMedPrint technology and var-
ious recommendations are being given. This pro-
cess will last until the technology is considered as
ready for clinical implementation.

CONCLUSIONS

AutoMedPrint system use great potential of
3D-printing for the production of orthoses and
prostheses for improving the quality of life of
people with various disabilities and increasing
their opportunities for active participation in
society. This technology continues to develop,
and its impact on medicine and society may be
even greater in the future.
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Considering the level of maturity of technolo-
gies used as building blocks of the AutoMedPrint
(3D printing, CAD, 3D scanning), it should be stat-
ed that completion of transitioning from traditional
orthopedic product manufacturing to modern
methodologies is nearly done, leveraging automated
systems like AutoMedPrint for designing and
creating orthopedic products. This shift has been
facilitated by the use of both commercial and open-
source software, alongside algorithms that simplify
working with anatomical data.

On the basis of numerous case studies of vari-
ous devices, successfully delivered to many pa-
tients (as shown in this paper and many previous
ones), the authors believe it is feasible to develop
a fully automated system, where patients, assisted
by medical personnel, can complete the entire
process of anthropometric data acquisition and
device design in a very short time 15 minutes. Con-
sidering the number of interventions of an engineer
needed during the development of the presented
products, such a system could potentially serve
over 90% of patients with injuries, amputations
and congenital defects and diseases effectively,
with the remaining 10% requiring more individu-
alized approach, greatly increasing accessibility
of simple, yet effective orthopedic devices, espe-
cially for children. This could have big impact in
countries with lower level of advanced healthcare,
or in difficult conditions (e.g. at war).

Over more than five years of research, the
AutoMedPrint team has worked with dozens
of patients, creating hundreds of affordable,
personalized devices. This prototype system has
been crucial in demonstrating that rapid and cost-
effective production of prosthetics and orthoses
is achievable. On the basis of available cases, a
lifecycle of automatically designed, 3D printed
personalized devices has been conceived and is
currently being evaluated. As one of the main
limitations of this study, a number of patients
should be indicated — it is still low and insufficient
to introduce a complete, robust automation. The
authors are working on further case studies, clini-
cal studies are also planned in cooperation with
healthcare facilities.

Future research should focus on integrating
automated modeling frameworks for orthosis
to reduce economic and time costs further.
Advances in material science and manufacturing
technologies would also help enhancing the
robustness and functionality of these devices.

While even basic prosthetic or orthotic devices
have significantly improved patients’ lives,
challenges remain in developing customizable,
strong, and aesthetically pleasing prosthetics
that are also economical and widely available.
In authors’ opinion, the need for innovation in
prosthetic and orthotic development is now de-
sired more than ever, considering ageing society
and increase in biological disability by various
causes. Challenges remain in developing a robust
quality management system (QMS) and product
lifecycle management (PLM), staying compliant
with medical regulations (EU’s MDR and oth-
ers). It would also be important to gain interest of
big companies and enforcing the change, to fully
transition from long & expensive production pro-
cesses of customized orthopedic devices to short,
cheap and mass available automated production.
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